Chloral hydrate has been found in our drinking water supplies at levels up to 5 ,ug/l. The purpose of this study was to evalute the acute and subchronic toxicology of chloral hydrate in the random-bred CD-1 mouse, to provide data for risk assessment. The acute oral LD50 of this compound was 1442 and 1265 mg/kg in male and female mice, respectively. Acute toxicity appeared to be related to depression of the central nervous system. Fourteen-day exposure by gavage in male mice at doses 1/10 and 1/100 the LD50 caused an increase in liver weight and a decrease in spleen weight at the highest dose level. Based on the data derived from 14 days of exposure, a 90-day study was performed. The compound was delivered via the drinking water; levels of the compound delivered per day were equivalent to those dosed in the 14-day study. The target organ in both sexes appeared to be the liver, with the males most affected. Male mice demonstrated a dose-related hepatomegaly accompanied by significant changes in serum chemistries and hepatic microsomal parameters. The females did not demonstrate the hepatomegaly observed in males, but did show alterations in hepatic microsomal parameters. No other significant toxicological changes were observed in either sex following 90 days of exposure.
Introduction
Chloral hydrate has been identified as a water contaminant in several of the water supplies surveyed by the EPA (1) . Its presence in the drinking water stems from its industrial use in the preparation of polyurethanes. After its introduction as a therapeutic agent in 1869, it was commonly used as a hypnotic until well into the twentieth century, when it was largely supplanted by other drugs. However, it is still used as a sedative in doses usually ranging from 0.5 to 1.0 g, but sometimes as high as 2 g (2) . Aside from this, exposure to chloral hydrate may be secondary to exposure to trichloro-Hardwood Sawdust, Lowville, N.Y.), and maintained on Agway Lab Chow ad libitum. The animal room was maintained at 21-24°C and 40-60% relative humidity. The light/dark cycle was maintained on 12-hr intervals. All mice were quarantined for one week prior to use and individually identified by earpunching.
For acute toxicity studies, 6-week-old male and female mice were used. For the 14-day study, 5-week-old mice were purchased, and exposure began at six weeks of age. For the 90-day study, 3-week-old mice were purchased, and exposure began at 4 weeks of age.
Chemical Chloral (U.S.P. crystalline, J. T. Baker Co., Phillipsburg, N.J. 08865, lot #925086) was used in these investigations and the structure confirmed by infrared spectroscopy. The manufacturer stated purity was 99 + %.
Chemical Administration
Solutions of chloral hydrate were prepared fresh daily in deionized water for acute and 14-day studies, and the appropriate concentrations were administered by gavage in a volume of 0.01 ml/g body weight to achieve the desired dose. The doses used in the 14-day study were 14.4 and 144 mg/kg. For the 90-day study, chloral hydrate was diluted in deionized water to concentrations of 0.07 and 0.7 mg/ml and administered as the drinking water. Drinking water solutions were maintained at room temperature in amber-colored bottles fitted with sipper spouts and were changed twice weekly. Less than 10% of the chloral hydrate was lost during the [3] [4] days in water bottles. The analytical method employed GLC and head space analysis.
For the 90-day study, fluid consumption was calculated by weighing the water bottles at the time solutions were initially placed in them, then weighing the bottles once again before solutions were changed to determine the amount consumed over the 3-or 4-day period. Twelve cages of control mice and eight cages of each treatment group per sex were used to estimate fluid consumption. Chemical consumption was calculated from fluid consumption and is reported as grams of chemical/mouse/day and grams of chemicalkg body weight/day.
Acute Toxicity
Chloral hydrate was administered to male and female mice by an 18-gauge stainless steel stomach 138 tube 18 hr after fasting from food. Seven doses were administered: 0, 300, 600, 900, 1200, 1500 and 1800 mg/kg. Eight mice of each sex were in each dose group. Following gavage, the mice were observed for behavioral and toxicological effects continuously for 4 hr and then twice daily for 14 days. Mice dying during the 14-day experimental period were necropsied, and gross pathological changes were described. Mice surviving the 14-day observation period were sacrificed and gross pathology was described. Log probit analysis (4) Serum and Liver Chemistries For serum chemistries, additional blood samples were drawn by cardiac puncture from animals involved in a study on humoral immunity (5) and allowed to clot. The sera from these samples were loaded onto the Abbott Bichromatic Analyzer, Model 100, and processed according to the procedures described in the Abbott Operator's Manual. Liver non-protein sulfhydryl levels were determined as described previously (6) .
Preparation and Assay of Microsomal Parameters
Livers were removed, weighed, rinsed and homogenized at 4°C in 4 volumes of 0. 15M KCI containing 0.01M potassium phosphate buffer, pH 7.4. Individual homogenates were prepared for each mouse.
The homgenate was centrifuged at 9000 g for 20 min and the supernatant fluid recentrifuged at 100,000 g for 1 hr in a Beckman Model L5-50 ultracentrifuge. The microsomal pellet was resuspended in 0.05M potassium phosphate buffer, pH 7.4 (0.5 g of liver/ml), and samples were taken for immediate study.
Microsomal protein was assayed by the method of Lowry (7) . The cytochrome P-450 content was determined from the CO difference spectrum, in dithionite reduced microsomes by using an extinction coefficient (8) of 91 cm-1 mM-1. Aminopyrine N-demethylase activity was determined by measuring formaldehyde production by the Nash reaction as described by Cochin and Axelrod (9) . Aniline hydroxylase activity was measured as p-aminophenol production (10) .
Results

Acute Toxicity
The acute toxicity data for chloral hydrate based upon the 14-day observation period are shown in 
Fourteen-Day Range Finding Study
Chloral hydrate solutions were administered to male mice by daily gavage for 14 consecutive days at doses of 14. 4 and 144 mg/kg, which were 1/100 and 1/10 the LD50. No significant changes in body weight were seen 18%, while the spleen size decreased 27% compared between the control and chloral hydrate-exposed to the vehicle control (Table 3) . These changes were mice over the 14-day exposure period ( Table 2) . also seen when the organ weights were expressed One mouse of 60 died in the second week of gavaging in milligrams or as organ to brain ratios. Mice that in each chloral hydrate exposure group. These deaths received the lower dose (14.4 mg/kg) also demonwere probably not compound-related since two mice strated the same findings but not at values sigof 68 died in the control group.
nificantly different from control at p < 0.05. Ofthe general toxicological parameters measured, Hematological and coagulation values were within it appears that the livers and spleens of mice gavaged control values for both dose groups (Table 4) .
at 144 mg/kg were primarily affected. When expressed Serum glutamic pyruvic transaminase activity as percentage of body weight, the liver size increased and blood urea nitrogen levels were within control ranges. However, lactic dehydrogenase activity was depressed 20% compared to control in mice gavaged at 144 mg/kg (Table 5 ). This is difficult to interpret, since most reported abnormalities exhibit elevations, and not depressions.
Ninety-Day Study
Since the toxicity observed in the range-finding study was minimal, the concentrations of the chemicals administered in the 90-day drinking water study were calculated to deliver the same doses as the 14-day study. These concentrations were 0.07 and 0.7 mg chloral hydrate/ml. A group receiving deionized water served as controls. There were 260 mice of each sex in the control group and 140 of each sex in each treatment group. Forty-eight mice of each sex in the control group and 32 mice of each sex in the treatment groups were randomly selected and their body weight and fluid consumption were recorded twice weekly. The time-weighted average for chloral hydrate intake was 18 and 173 mg/kg for the females and 16 and 160 mg/kg for the males at 0.07 and 0.7 mg/ml, respectively. The growth curves for mice exposed to chloral hydrate are shown in Figures 1 and 2 . Male mice exposed to chloral hydrate showed a dose-dependent increase in body weight (Fig. 1) over the 90-day period. Weight gains over this period were 14.1 for controls, 15.4 for the 0.07 mg/ml group, and 17.1 for the 0.7 mg/ml group. These weight increases were confirmed in mice used for gross pathology, which had increases above control of 8% for the 0.07 mg/ml group and 12% for the 0.7 mg/ml group (Table 7) . There was no apparent effect of chloral hydrate on the growth rate of females ( Figure 2 ). The average changes in female body weight over the 90-day period was 10.5 g for controls, 9.7 g for the 0.07 mg/ml group, and 11.7 g for the 0.7 mg/ml group. However, in half of the female mice (those used for gross pathology), the ones exposed to the highest concentration of chloral hydrate were 11% heavier than the controls (Table 7) .
There was no compound-related gross pathology seen at the time of necropsy in either male or female mice. However, liver weights, as percentage of body weight, were increased in male mice receiving 0.07 mg/ml (12%) and 0.7 mg/ml (20%) ( Table 7 ). This increase in liver size was also seen when weights were expressed on a milligram basis. No significant hepatomegaly occurred in the females. Spleen, thymus, kidney, and testes weights were not altered by exposure to chloral hydrate. There was a slight decrease in the lung weights of male mice, but the effect was not dose dependent and was significant only when the weights were expressed as percentage of body weight. This trend was also Sex mg/ml ml/kg/day mg/kg/day ml/kg/day mg/kg/day ml/kg/day mg/kg/day ml/kg/day mg/kg/day ml/mouse/day Tables 8 and 9 . Erythrocyte counts were 14% lower than control in female mice exposed to 0.7 mg/ml. This decrease was not confirmed with hemoglobin or hematocrit values, and was not evident in the males. Fibrinogen levels were elevated 9% above control in males exposed to 0.7 mg/ml, while a 14% elevation above control was seen in females exposed to 0.07 mg/ml. Slight increases were evi- Table 8 . Hematology of CD-1 mice exposed to chloral hydrate in the drinking water for 3 months.a Males Females Deionized water 0.07 mg/ml 0.7 mg/ml Vehicle 0.07 mg/ml 0.7 mg/ml Exposure Group (n = 21) (n = 14) (n = 16) (n = 22) (n = 13) (n = 16) Hematocrit, % 45.5 ± 0. 
Hepatic Microsomal Parameters
The status of the hepatic microsomal mixed functional oxidase parameters in mice exposed to chloral hydrate is summarized in Table 10 . Microsomal protein was increased 10% above control in females exposed to 0.7 mg/ml, while no change was evident in males. Cytochrome b5 levels increased 26% in males exposed to 0.07 mg/ml and 40% in males exposed to 0.7 mg/ml. In contrast, female mice exposed to 0.7 mg/ml had cytochrome b5 levels 12% lower than vehicle control. Aminopyrine N-demethylase activity was increased in males exposed to 0.07 mg/ml (28%) and to 0.7 mg/ml (19%). No change in aminopyrine N-demethylase activity was evident in females. Aniline hydroxylase activity increased in both sexes. In males exposed to 0.07 and 0.7 mg/ml, the increase in aniline hydroxylase activity was 24 and 30%, respectively; while a 23% increase was observed in females exposed to 0.7 mg/ml.
Serum and Liver Chemistries
Serum and liver chemistry values are presented in Table 11 . In the sera of male mice receiving 0.7 mg/ml, calcium decreased 8%, sodium decreased 5%, phosphorous decreased 19%, LDH activity increased 48%, and SGOT levels increased 45% above controls. Blood urea nitrogen levels decreased 19% in males exposed to 0.07 and 32% in males exposed to 0.7 mg/ml. Female mice demonstrated a different pattern of changes in chemistry. In the sera of female mice exposed to 0.7 mg/ml, potassium increased 9%, glucose increased 16%, cholesterol increased 21%, and phosphorus increased 11% above vehicle control. No changes in serum enzyme Table 10 . Hepatic microsomal activities in CD-1 mice exposed to chloral hydrate in the drinking water for 3 months.a Males Females Deionized water 0.07 mg/ml 0.7 mg/ml Deionized water 0.07 mg/ml 0.7 mg/ml Exposure group (n =4) (n =8) (n =8) (n =8) (n =4) (n =8) activities were evident in female mice exposed to chloral hydrate. Nonprotein sulfhydryl levels decreased 11% in females receiving 0.7 mg/ml, while no change was evident in male mice.
Discussion
The toxicity studies on chloral hydrate administered via the drinldng water were undertaken because of its presence in human drinking water supplies (1) . Acute, 14-and 90-day studies were performed on CD-1 random-bred mice. The acute lethal effects of chloral hydrate appear related to depression of the central nervous system. After oral administration of chloral hydrate, mice died within 24 hr without gaining consciousness; if they returned to consciousness, they survived. There were no sex differences in the LD50's of chloral hydrate. Boitsov (12) reported the LD50 in rats to be 285 mg/kg and the LD50 in mice to be 1100 mg/kg, which is very similar to the LD50 for mice obtained in our laboratories (see Table 1 ).
The 14-day study was performed in male mice with the chemical administered by stomach tube at doses 1/100 and 1/10 the LD50. The exposure-related effects were an 18% increase in liver weight and a 27% decrease in spleen weight at the highest dose (144 mg/kg). These effects were not accompanied by any gross pathological changes.
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In the 90-day drinking water studies, the highest time-weighted average dose the mice received per day was 173 mg/kg, based on fluid consumption and body weight. This is equivalent to a dose of about 14 mg/kg in humans when extrapolation is based on body surface area. For the average 60 kg person, this is less than 1 g/day. Thus, the doses administered in this study were high from an environmental standpoint, but were within the range of human therapeutic exposure. The currently recommended human therapeutic dose of chloral hydrate is 500-1000 mg, although doses of 2 g are not uncommon (2) .
Chloral hydrate caused no deaths in the 90-day drinking water study, nor did it cause a decrease in weight gain. In the males a slight dose-dependent increase in body weight was observed.
In the male, the target organ appeared to be the liver. This is suggested by dose-related hepatomegaly, elevation in SGOT and LDH (but not in SGPT) activity, increased hepatic microsomal aminopyrine N-demthylase and aniline hydroxylase activity and increased ctyochrome b5 content. However, there was no increase in cytochrome P-450 content. Female mice did not exhibit the hepatomegaly observed in the males. However, at the highest dose, aniline hydroxylase activity was increased, while liver nonprotein sulfhydryl and cytochrome b5 levels were decreased.
Neither sex showed exposure-related changes in hematological, coagulation, or urinalysis parame-145 ters. From the data presented the target organ for chloral hydrate appears to be the liver, particularly in the male mouse. The lowest adverse effect level was 0.07 mg chloral hydrate/ml of drinking water. The next report (5) will present evidence that the immune system may be more sensitive than the liver to the effects of chloral hydrate.
